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(54) MICRO-PUMP 
(57)Abstract: 

PROBLEM TO BE SOLVED: To convey a trace quantity of 
liquid in both normal and reverse directions with simple 
constitution. 

SOLUTION: This micro-pump 100 is provided with a first 
passage 1 1 5 wherein passage resistance changes according to 
differential pressure; a second passage 117 wherein the change 
rate of passage resistance to the change of differential pressure 
is smaller than that of the first passage 1 1 5; a pressure 
chamber 1 09 connected to the first passage 1 1 5 and second 
passage 117; and a piezoelectric element 107 for changing the 
internal pressure of the pressure chamber 109. The ratio of 
passage resistance of the first passage 1 1 5 to the passage 
resistance of the second passage 117 can be made different by 
changing the internal pressure of the pressure chamber 109 by 
the piezoelectric element 107. 
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(57) [giW] 

*S«Etti^ffl*fli©a!l-&#i6 1S5BS 1 15iH'W 
l^S6 2«EI»l 17^. Sgltt&l 1 5iS.fctfSS2*l&l 
1 7(C}giK$nfcJDJE^l 0 9t, iPE^l 0 9©f*|g|5 
CDffi^3^^b$#Sfe«)©EEStS^l 0 7 
ADJE^ 1 0 9 ©rtWOffiaSffi**? 1 0 7 T-^b^-B" 
3Ch£<fc^ 1 5 0DM8&ffitniii^ 2 »«£E& 1 
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I I / / 
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1 

»«fc!>*'.h<*v*JfJ2i«»i^ 

mtzm 1 ifcg&fc cfcVBufB^ 2*ra£&tt3:hfcft]E£ 

t, 

1 CfB«©V-Y ^D#>7*o 

[»*JB4] Iiul3;toffi&©f**£mffl#*i:»2© 
fc ©|«Tf Bfjeco MR-CMS bT ^{b $ * S fe © tc mi 

HufB^Lii, BufBiDJE^©^«*tiitiD$-&Sfl$rai:M 

~ 3 © v -T titi> C IBSi© ^ -f * a * > t*. 
[»#«5] aulBSKMfclu miabnBES©***** 

[W5RIS6] iul3iDE^©f**^Sl©^*k^2© 

f** k (omr-mmcD rsmx-mm u t ^b £ -a- s t © t g« 

mmW, 1 flEEfttiu » 1 ©#ft©^*g#i#mif3IS 1 ©3? 
lakttiaiffljB 2 ©^(nj©^*SirL«t 9 < s 

zmmtifimtezm 2 ©*§ 5 & Lx-mm^mr-^ set 
mmmi C8a«©v-r*n 

[0 0 0 1] 

Bib, *iJ>«©*#Si^fl^8Sfc»©V'r* 
[0 0 0 2] 

[flklefflttffi] «d>*©*fl:**»-r*fc»©^ 

fc <fc *) ffi,ffii&iniPm* 2. V X;i/£ffl iMfcflS 2 ©^k C 
-2 5 7 2 3 3*&«fctt, ^777A$ti^5 
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it# £ #r Mfozmmi- a v -r * a * > r#i3* 

$n-TV>S. Sits 1 0-2 9 9 6 5 9^£«: 

SlR ; ?^fflV'>TRl»-'^;i/7'S:lia$*'r^tt:©3Etn©^ 
[0 0 0 3] «2©SSi:Ut, 1 0-1106 

10 a©«Sn©*lSJi:H:Ji»*lflI^©«»i*iBi »> C < < tS 
C mM©l^|pl{CMft&«^SikA s T-§ 

So 

[0 0 0 4] 

[|§W* J »*b«tdi:-rs»a] b*>b&#^ 951© 

©ts > «s«e«jjc^bb^-rv^ 

fcl^HHiM&S. ftWTl 0-2 9 9 6 5 9f 

20 E**?k©'J>£<kfc3o©K**?# J BB"C». 3 
Ctl?.©JE«SR?$:SiJfifcBij-rSfc©©|gi&[ll 
fttfOfttt: & o T b * a h ^ 5 IBIHA 1 ^ * c 
[0 0 0 5] SB2©*SCC*»*v-f ^D#>rtt, 1 
*IrJC bfrMfl^JtSS?- 3 £ k * S T- t P^M* 5 

[0 0 0 6] £©*Wtt±ifi©H«ja&]IP*-i-*&»t: 

^$nfc*©T% c©^©geg©i 
■e«'J>»©*(*;&iEa»lii5*|qifc?ls»ftK:«2S-rs c k A 5 

30 [0 0 0 7] 

[«s£fg*irsfe©©^g!] ±M©g^5:a^t-sfc 
^?§ffi*i;A s M£Et/s bxmh-rzm 1 hje©^ 

ftic«-t-2.^ffiln;©»b©fy-&* s ^ l Mi^J; 5 

[0008] ^©^bjic^^js, as i ^{i^s&ffim* 5 

HflEfcjt6ibT*fl3U *2«El&ttllflE©*<bt:»-r** 
40 i^g^S^^;©^b©S!I^A s ^liSti^&<t»3^)'J^$V^©T•, ^JE 
*s^§v>h§i:'jN$v^tfcT-^lMK©m8S»Jn;i:^ 
2gitliS©SitgSffiJn:k©Jt* s S^So 7*fii-^Ci 

D»iaBS43iv»2aE»caa«sfifcjnmS[©rt8iJ© 

£E***Yb**«©Tx ^l^lS©^ESffiln;i:^2e5tSS 
©^ESSKkcitSMfe^-a-SCi:* 5 ?*^, r©fe 
© N «J|l3a:1(|ia-e«'J>*©«[«LftiEa»W»l5ltWflHtt: 

* c t * s utg'&x"f ^ o sj?> r&jiwt-s c k*s 

[0 0 0 9] !fib<l±, v-f ?VHl>7<Dmim&£ 
50 *2 8tt&*ii-eflHu -«feWfffl^S*U ^lifitSS 



3 

©Stt&*©KrH«C»-rs»&#, ft 2 Si6§©aite&ft© 

[ooio] ^©fswcfleit«x mimmtm2m&* 

ti*ti&. -«6RiBMttU ft 1 tfcS&©3tS§:R© 

-fiffl^J: vmot, ft 1 «BSKD3IEE©*ftC» 

*-4«E»«ifi©*fls©»|-&a s » 2 Sigi 5 %*S < & 
So d©fe», MJE#*£v>k§k'Jx£^k£kTN ft 
1 SitS&©tiitEgffiirCkft 2 MS8©*SE6§J£#ik©lt£li& 6 
■tfS-ktfT-^So 

[0 0 1 1] #£L<tt N v^D*>7©ft 

*&hu «8£»&t>£^sff^©^-rn*>-e 
[0012] c©»rafcfle*tf, ft ise&h Kiiaw 
b\ aww:iiiwi»**-r*««ov>-m4»&© , «, fti 

8KS&©^E©^bC^t-SSSKffiK©^b©»J-&Sft 2 
«ES<fc 5 * < t S C k #T- § 5 o 
[0 0 13] #$b<Bu v>f ^niKvrUU ioJE^ffl 
{fcg£ft 1 0(*«k»2©(*j«k©|B|TJm«fiD|HliHTfilk 
£ bT^fb^-fef-S fcto{C7-^^i^-^S|gi&-r-5|gl& 

^ssjs&kiii*., ttsu*. iDjE^©i$«^tiJD$-a- 

& o 

[0 0 14] c©«rec«e*«, iKlft^iafcr.fc'Jiali^ 
©1**£ft 1 ©f«»kft 2 ©<*«k©WTm^©MFH-C 
bT^Yb£-B-S fei&fc: j.^-*#|g»£*i 
*©l«gbK*^Ttoff£©i«ft#Jto£*aB$lH 

k £ £.ffi'PZ-&2,b. £ kTHEE&Sfc 5.tsc: k#T- § 
S» *©*SJPL 7f ^-JL3i-^©«|ja*1«#t:-rSii: 

^t-s-So 

[0 0 15] ffSL<tt^*n#>:7<DjumKtt« 

k*2©«jgb , tfeaiiRll6T?fe4C4:*«r«i:-ra. 

[0 0 16] £©S8mifcf£*.BU flfflilbi:«2ffl 
i$£UkT!, inffi*©fl«**an$*s«Fiffl*««st-* 
©T% ft i©^£bkft2©;i££bkT-$Y*£*£-rs 
£>#S C k £ So 

[0 0 17] *?£b<i;i-^*ti#>7 , j£, anflE^©{£ 
*«£ft l©^«kft2©««i:©MT:*m«©Hffi5t«liS 
b t *Yb $ * S fc to c r * 5=- i j— * &B1; -r S JffiKM? 

««<*e>K:flt*.» fti^ssti, ft i <Di5\ft<DmmmK-& 

ft 1 ©^(pIi:«jE©ft 2 oj/jfSiComMi&ifi^ '0 ■& Ae 
n k #H b ft l ©H U £ b k if An $ -B- s B#ra k «'> $ 

S B#IS k #JI& S ft 2 ©Si <0 £ bT*IEI!) Bltlt- fe S C k 
^#Stk^So 

[0 0 18] £©«93fc«e*.tf % J: t>iaff£ 
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©i*«£ft 1 ©<*«kft 2 ©»«k©P^T-fiIr^©P^IBT- 

gg£ b t i£<b $ * s fe tc t * 5 s - j- 3i- 9 -tmm £ n 
So mi mm*, ft 1 ©^©^jgmtfft i©#rak 

l±a»©»2©*|Rl©JlEISffiiftJ:D***V^©Tf % {£H& 
tiAD^-B-SB$^kiffi^^^SB#^k* s (Blbft 1 ©i#£L 

^P^kM'>$-y-SB#P^k*sMftSft2©^£bT-{is ft 
10 [0 0 19] 

[0 0 2 0] EI 1 d *fSffl©£jfi©]&Jft© 1 ofciitt 
S^^^D#>7-©gE^e<jft»rBlIT-feSo i2lt * 

o#>71 0 0J±, ft 1*^1 1 1, ft ljffiftl 1 5s 
JilPJdE^l 0 9, ft2mSSl 1 7, *5±W»2*S1 1 3 
20 £i)Wf£Ztitz&m 10 1k, I4E101 ±^««$tl 

fe±«a&R i o 3 k, ±®mm 1 o 3 ±t«»$tifcjg 

i«l05t, jgi(r« 1 0 5 (Dbmm 1 0 9 bMfaT& 

wtzmmztitcizmm?- 1 0 7 1, mmm? 1 0 7 *s 

«jt-S&4?)©IKllg|5 1 2 0 kftdtr. 

[0021]afeR101ttx JIS5 00 [/zm] ©^3fe 
M7XSif*D, 1^100 [/zm] cats*"? 
x^fV^fffta^kCJ;!), Hiillb 
tt&l 1 5, tiaEEmi 0 9, ft2»SSSl 1 7*Jj;Ufft2 

«ai 1 3*sffM$nSo *n»©^«uc*jvArtt, ft 

30 lJiEB&l 1 5{±^©*i4 2 5 [jum~\ s «$&2 0 l/u 
m] kbTV>So *fc, ft2atS&l 1 7BU ^©St: 2 
5 [/im] , *$i£150 [//m] k bT^So bfc* 5 
ot> ftl^fSl 1 5kft2«gSl 1 7kttv S43<ttf 
gS$*s|SIbr% ft£*«m*»±!>fc»2 3H»©##ft 
<ftoTV>So 

[0 0 2 2] ftjb\ ft lifcB&l 1 5*5«tVft2m8Sl 1 

•j >v ng«c^jsR*nst)©ciBe.ii*totfT?iift<, 

40 {tJDX&bTff^-rSck^tbTfeiVio 

[0023] ±fflaastE io3ii ^v^s«x-fe d> a 
si o i±catji$nsckcj:»), iii^iib 

ft 15SS&1 1 5, f2«tl 1 3*5£tfft2gitE&l 1 7 
ffl±@#M*nS, ±{ftt1Kl 0 3©J0ff^l 0 9© 

t, :B3ib-^s. 

[0 0 2 4] ffii&tS 10511 1^50 [,um] ©»« 
5tf5^T-feSo EE»^10 7(1 
T*fe!?> *HSS©^®t4b*V^T(iff$5 0 [^m] ®^ 
50 ^>1^3>WS (PZT) 



mmM=f- 1 o 7 hwmm i o 5 t&mm%mx-te*)-&t> 

[0 0 2 5] |g»gP 1 2 0 HU KMm? 1 0 7 £SEHJ« 

ffii? i o 7 tigijgB 1 2 oa»e>e»«EE#Byin£*i 

SCfctCfctK Sttfi 1 0 5 tmmm? 1 0 7k#a= 

!K APJE^l 0 9 ©«*#«»*-*- 4. 

[0 0 2 6] *^Jfi©^J8C*{tSv-f ^D5K>^1 0 
OT-fciU Eli?107lC3 0 [V] ©*EE#8Min3ft 
Sfc* E.mm? 1 0 7 ©SJKttx S&g#8 0 [n 
m] , f5£ffifc#0. 4 [MP a] 7f*S. 

[0 0 2 7] 0 3{i> *HJB©JKJBC*iH-SV-f ^n* 

> ^©s§ i mm&zvm 2 8H»**v*ti©asffi t^ssffi 
3Si:©w«£jjvria-c*4. ms (a) 1 «£&©$ 

-&£jj*U El 3 (B) i±m 2 MSS©^-&^^1"o " 
«EB«ttfti:tts ^{£* s MS&£^ft3fc£©JE;>jSi& 

WL&. £ Mix 3 Z. t C «t S EE £ A P t b & 

^SSffitSR [N • s/m s ] (± % R = AP/QT-5R 
K>£>ft3. ££U Nttij (Newton) „ s(iB#P^ (seco 
nd) T-feSo IH3(C^bfefii{i, «W-7jc$rfflV>T, IS 

U ^©^§©M^£M&ffitt©EE:fr^#£*to3- 

[0 0 2 8] |g3£#J$bt\ HiKl 1 5fct, jfiESS 
ffitrG©EEi»tt#* s ^#V^©t*tb> fg2j£g&l 17W 
B&ffi^©I£;bte#* s '>£V^fc#fc>;fr3„ ;r©s£B&ffiin 
©J£;W#©»^};:£9#ffl-.ta s «§aj£*x3o 

ESfchb^-r^*iabC< <«c>3> H£E#'Jv£V*i: 
^Mt-ntiJDEE^ 1 0 9 OD^«^b^CDf&^jfi*S/jN^V% 
t £ K fciu *i tfitKii^ 2 tfc^-r *#* s «fch J ?»'t 
^. bfctfoT, flnjE^ 1 0 9 ©g»^fb*©ii&fcf{ii# 

SUifitB&l 1 5£5I*)> £fc> ADE^©^«^b** s 'h 
SfctttfefcibDEE^l 0 9©S«gflS#©*#tt±C!8 
2«tS§l l 7£il&c:i:fc&£o 

[0029] m^s E.mm? 1 0 7 fcwao;*fts«E© 

EE8\ M&951 2 0T-$8£$*l&o **JS©JBJ8C*W- 
5v^f^o#>7100f^ iPffiS 1 0 9©i0j£f$i: 
«EB# i:t?EE*©«e*tflS t M#£ b S c h #iBB t fc 

-r (vwi /i )~X- \-rm*=&-7 A f\ n im-hn-J- L 4ft 1 /T>> ^ ETT >id? Jt^ 

i:S£te©^lb£jjvr0-e<&£. 14 (A) fc£ s EE**? 
1 0 7CW*Df *»i©«ffi«JB*^. 04 (A) £ 
#ibt, EE«§H^1 0 7 £M£*l£«EE$yfi>fciu 5: 
±* t 5 ©JWM t I*, u.TfttXDmgit 2<fc!?fcft^. * 
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*EE«JH^ 1 0 7lcffiiio$^?)«EEA s ±#-r?)t> EES* 
¥ 1 0 7 1 0 5 li, ADJE^ 1 0 9{R|tH t> ^Jfc 

U *©*§** iDJE^l OQC^tWMS. i££> 
EEttTPl 0 7KiSi*P$nS«E* J »'>-rsi:> ff«SR 

^Fos^ajg-rssffis^iP-rsfc^ inasi o 9 
(D®m#Wl)ntZo vtzifi^r, ei 4 (a) izTf.-t&B 
(Dms-ifi^mm^ 1 0 Ttwja^nsi:, *de^i 0 9 
©s«t^bJ|s©tt««[tts mrst i©^*s«Ht 2 ,t»3 
*/hs<*:a. c©fc«), 1 5& sarat 1 

10 ©**«»BIB t2J;0 *>i*f*&«E*i-$>f < b> 2 MSS 1 

1 7{±wrat i tmtat 2 tx'mfoomn^z&ixt 

[0 0 3 0] H4 (B) (iH4 (A) fC^t-«JK©«EE 
tfEfi?l 0 7fcBiin*ft&»^C*l*S*ft:©*» 
*^t-0T-feSo «SW{C^M*x «ttC«E*©ffi«ft* 
LTV^5„ SK^©{SStt, mi©*{ffl*IE^iaii:bT^ 
btV^So H4 (B) J#il/T, ^Wiv^nt(iIE 

*s-rn«iai©feffio*e>efl!ifciei*'5*fiic8K 

Jill. 

20 [0 03 1 ]B5tt, E«R?10 7CffiPt**2ffl 

mmmztufen&wi&jF-rM-C'&Zo hs (a) (±, 

0 7tc^a-rs^2©«EE«JK?r^-r= 15 
(A) £#!«3b-r, JEa^^l 0 7(CEPiD^nSSffi« 
S£±4* »> ©HUH t 5:T* J t)©^^t 2 it) 
^ ) MV^„ bfc* s oTs El 5 (A) K^-i-«9K©«E*«£E 
«JR? 1 0 7£EWto;*tv&i^ AdK^ 1 0 9©^^b 

mcDmnmt, mrs 1 1 ©**s«bih t 2 £ b < a 

So Z(Dtztbs * 1 «E» 1 1 5 tt, X3P^t l©##»3lffl 
t 2 «t D t>*«tft«Snt < < U ^2^E&1 1 7(iWffl 

30 1 1 tmmt 2 i:T•^s^*©^^^ J ?'-r^^i{^i:^tr^t)?> 

[0 0 3 2] H5 (B) {ilU5 (A) tr^-t?gff£©SEE 
* S EE«*^ 1 0 TCWinSti&W^t^H - ***©** 

s^-na-e**. ^wt^ras, «ttt{c^©taH*^ 

bTV>5, «#©(ftBtt, HIl©*{PJl$IE*|qIi:bT^ 
ITHS. 0 5 (B) M<*fcfc-^nCl±|| 

^[piv ^s-rnisa 1 ©^flu^feaEfticiqi^d^ifliK* 

tl&o 

[0 0 3 3] Mfr© v f D ^mtitts Mji 5 fi©^*T- 

40 *fc-rcifc#T-§5. ««»)a©a*Jis HfftfiasEEKf 

C*B-S*1«EBS1 1 5©^ESffittt^2^SSl 1 7© 

5©^SSffi*T;i:®2MS&l 1 7©^tESffi^©tti:{c:j;o 
T^iSo MEEtfffiEEBt(c*itS^2 8SgSl 17C»t 



1 5£SS 115 ©^KJSiftit^ Kit b, !=S£E!!rftC *; 
tt^^2^SSl 1 7C«-f*SBl«EKH 1 5©fttS&ffi*T; 
It^Khii^-Si:^ «^»)fi©®I*a(i^3; (l) r-m 

[0 0 3 4] 



a= (1/(1 +K1) ) - (1/ (1+Kh) ) 



(SCD 
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B#©MEE£10 [kPa] £ U H5£B#©MJE£ 1 0 0 
[kPa] T-ifcS. Clffli:^ ®jEB#©^i®|£in;lbK 1 
= 0 . 5 6, ffiEEttOttBffiffiJtK h= 1 . 17 

5o (i) asfflMt, mm*)m.ttoma&, iE#ra*5<t 

[0 0 3 5] (1) 5£*>£fr*>£<fc5£, ^t3S3&* 
afcloLt^-e&fetoCfciU K 1 PS t> '.h^ < - K 

h*«T?*4IS*)**<*:4^i:* j a*bV^ Z<Dtztt>\£ 

<fcSMKffitt©^b#T-#SIKt);*tv^#,fc^ (SLU 
ffomm) . £S>fcs ffiffB#£iftJ£^i:T-ft lSStg&^.fcV 

[0 0 3 6] ^<b^-B-5HJE©ffi^$:> 

iCtt#*LU. JWtftjfctt, {gj£Bf©;E2>£ 1 [kP 
a] > fl5KB#©JEi3* 1 0 [kPa] iitSiH, <£ 
JEB#©jE;tj£ 10 [kPa], BiEEKKDffifcS 1 0 0 
[kPa] fc-rs##«fcn. 20 

[0037] mmms.<D&fcm &mm? 1 o 7 tep 

ttx 1214 (A) *fcttH5 (A) CjpLfetiHBftffi^S 

[0038] men, *3as©»J*c*H-*v^ ^o* 

>n 0 OOKttSBl 2 0#JE«Ht?l 0 7tMDt-S 
tffO»^W4*t@ffe5. H6£#B=,bT, 30 

06 (a) a, *ftSjE*rac«a-rs»^©«je** 

U 0 6 (B) tt»{*;Sf|*|S!t«3a6-*-a»'&©«OK* 
St. HI6£#{<8bT, Wfflt 1 t»Ht 2 itOffflfc, 

*i£-r*»&fcB:, JWRSt ltfgHBIt 2 

1 2±y)t>m<teZo mrst 1 tmmt 2i:©p,gjcmjE 

*s^bb&v>»JIWt 3#JPt3o&w^K:ov>Tttx 0 4 
(A) *«ttfH5 (A) £^bfc«E©$tfl2fc|3]bT?fc 
So WMt 3T-H:, *E#^bb&v Mil 0 40 

9©€PMt:*{bttfc<s SB1«EB1 1 5 fcft2gfcli&l 1 

7 ©Hff fct-eti-e-Jxisff-en C&S. El 6 fc:^ bfcStffc 
©tffSEi^?l 0 7lzmn-t%ziitz£*), Wife* 

JBttKoV^TBiro-i-S. ft2ifcS&l 17ii« HifcT-igl?- 

e©^i* b &«&h.* £ b * # s j&wt? s s . 
t-3»ft©]ta s *£v^#S£b^,, W ^ 



Re = / ovd/77'T-*»e)tlSo 
[0 0 4 0] W y^i/XRBu «tSS©»r»t*fc«fc!)fi 

rjfcfc^j (jfclttHJK) PP. 9 5-9 
6Cia$ixTV»S. -ttilCfcSfcs ifig£d, 1?^L 
fctSRlt-^ (Re<2 3 2 0) ©i§ 

^ L>kxRexd*sMns. -CT% ^ifckfct, 
-^^-t? (Nikuradse) ©H^fC k = 0. 0 6 

5, ^ >y;\— ;b (Langharr) ©aittc «fc £ £ k = 0 . 
0 5 8tfe5. 

[0041] *#$jjcbu ^©^[SitsiS'&wa^tt 
bfe^ti^jgc:-r*)©T-feti«s, ctiicpg^ns^ot- 

ftlifiBgl 1 5 hJttebTi &«E!MB©«*8-&V^« 

[0 0 4 2] — ^ 1 ^SS 1 15lt gLM*SV»{i}(a 
b-^-T^ffiM*. *> b < ii^JB©^A s: ^+^ : fe 
^£^ifJfc«T'fc5i&g* s &§. miSitSSl 1 5 Jis 

[0043]SFSl«a»115 ©ff^©*^(i> WTO i: 

(1) b-f y;i/X»Re*«WV> 

< J:*iII©t-^^C:Re>2 3 2 0i:&£ 

[0 0 4 4] (2) ^E&©4gdfCttbT^g&5;*L© 
tb^J±«<6<J'JN^VNff^ 

ff^tttcJ: t>^©MW&fitttfl&5* s , RStt©^ '> 
Jfe< i:*)Mjli©t:— ^R$fcrL<0. 065xR e xdi: 

[ 0 0 4 5 ] El 7 fct, ft 1 «liiS 1 1 5 ©Btt©ft 1 ©* 

^js^-rmt-fes. i7*#ib^ ftime&i 1 5 

©WffflJBtt*iE*^i: bfc*-&©-a©S$ S: d i: 
ft 1SKB&1 1 5©JI$£Li:bfc*§i!r£, L/dtftbfe 
W'J^^it^ttt&S. ftlMSSl 1 5©WfflB# 
*PJfcl/fc»&tttx i&gdi:«BS*L<DJt* J /hd< 

<0. 0 6 5xRei:WCtWJ:4S o 

r n ft / (5 1 IWI 8 1+ SS 1 ■SSB&iT-lWiW^SS 9. inm/ztiwis- 
?s1-0T*feS. 08 5#ilt, il»H 5 ACD(S 
(is JBES1 0 9«!lA^ftlM^l 1 HCIpI^oT^^ 

ftllfitS&l 1 5A<D&m*. ±13 (2) (DM** 
^ f h -f S i £: #T- £ 3 . 
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[0 0 4 7] SI 9 ttx mi «a»©Jf£f*©» 3 ©Jl&0!l£ 

[0 0 4 8] H10I4, % 1 «8KDMO» 4 CDAflcM 
S^-TBIT?**. HlffBl 1 5Ctt, ;toESl 0 9i: 
IgliSSl 1 1 fcCDWCIBfttfeft, ^©iStiS^lRlA 5 

[0 0 4 9] HI 1 BU £ 1 »B»©Jfctt©* 5 © 10 

ftw-ria-e**. jsissbiisdh:, *©KS**t 
saracafifcWiiiJetta:* Jpesi o 9tt*»&tti*ft 

SI 1 lfcfti^T'J^&SJfctKfc&oTV^S. 

[0050] h 1 2 bu mi mmoBVtom g amttm 

*m-fm-Z$>2>o mi 2 5#ibt, iPES 1 0 9©ff§ 
lttll 5 EiSGtCNM) 1 3 1 Atftt<*&*vr^ 
5. 

[0 0 5 1] B13tt, SB 1 «5tS&©ff$tt©£ 7 ffllWJ 
ft^-rHT?**- HI 3&#JHL/t, *1SH»1 1 5F 20 
Hu iDESl 0 9fc»l**l 1 1 fcH&M-C, JDEI 
1 0 9i:SBl*Sl 1 1 i:£**gUTUS. APES 1 0 
9t*l»aill tow©* 1 5 F CO:, Ht 

SH13 1 Bjb*»ttS>*Vt:^S. I*M1 3 1 Btt, to 
ESI 0 9fr6MUtt£l 1 1 ^[pJ^oT»tH** s 'J^$ 
<%-5^«T*fe-5o d©<fc-5t^ ftlffifel 1 5 Ftp* 
Ml 3 1 B#i8!l*£*x-C^S©-e> JK19ER115K: 

*tts*<*#ji«T»riefcB«itt* apesi o 9©wfa* 

1 l©Bfffl*<t 5*/hS<tt.oT^ 
So 30 
[0 0 5 2] [7^^D*>7fflilfflSff^j] 

±Mbfev^i'D#>7'i o oo^wifcov^-rttwr 

5. gggsnfev-f ^n*>^tt, MIlflEBl 15M 
[6lffi$:^fc-y-fe*)©T*fe?.. 2flSlffii:B\ ME©*e*ffit 
#H lilfefl^ iboES 1 0 9 ts><om 1 *S 1 1 1 KiM* 
#«ft*»^©»tl&i8*n;i:x *>?>At)ES 
1 0 9fc*ffrimftS»^©ilM&^fc#»fcS£fcft 
^3. £©«fc-5C S81^SS1 1 5fc;#|6ltt*J#;fc-t*S 
dfcfcj;!), KBMB1 2 O^feE**? 1 0 7CIES* 

■racifciisT-^So —mat:, 1 ^racifcfcfcSRjas-rsis 

£N SIMS 1 0 5 &#m&X-ffiM1rZ> ct-5 fclEK*©* 
EfcEmsK? 1 0 7 CEPfiP bT|g»l1-S©A s S*)3a*W 
T-feSo bfe#-oT, $61 SEES 1 1 5 K:£l3H4*iS&ii- 

-7-Tna*Jdr/r>'»n:-fcBr'»*^Z. 1 n 7 tr FTIiin-*- r > t" J- 

^?107 CBUlOStU tBM« 1 0 5 tfttfe&T-Mft-r 
[0 0 5 3] — E«S?? 1 0 7 iCtECDi±# ?) {C 50 
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g-r s Bsra t at # t> c s-r « b#p^ t #n «t s se § ep 

Jn-rschtcJ:^ 1 5©#|Rjfi-fcflfco&# 

J;!), 18 1 ifcES 1 15 ©#|S]ffifc:#£o fc#|qJ^©*#© 
IKSSaslsj^fffe-Jci:**-?^ 81SBB1 1 

5©*iatttti£ofc*|^fctt2»©#lRl-^t»*<*:ft«3a6-r 
5 £ i: # T- # 5 v -Y ^ D # > 7" i: 3 d t ft T* § 5 . 

[0054] 0 i 4 i± s *mm<Dmmfc&tfz>-?4 ? v 
■#>7(Dmi(Dmm(D¥-mmx-$>%o mi 4^#,^l 
Ts *i©*»«ic*5^4v>f ^P7j?>n ooHt % m 
i ms& 1 3 o ©f^tJWs ^©hasjpes i o 9 ft t>m i 
iii i itcr£oa>-oT;*;£<&-oTv^o d©fctt»,.in 
E^io9*»e.ii?sai 1 1 fc*#a*«Eft4»-&©aE 

^^E1^,3!) S ^ f liSl 1 1 *> ?>APES 1 0 9 

nz>m&<Dffi8&i&#i£.*)t>>\^ z<Di&m, joe 

SI 09 &iQE"f"2>B#Mi:N «$E1-?»B#P^i:#|B]D«^r 
ic{±, *flt*«v^PtH:!B2*Sl 1 3A>£flDESl 0 

Qzm^rmim^i 1 1 tisj*-5*isitiiKns. 

[0 0 5 5] APES1 0 9S:i)PEt-SB#H*«E 

SI 1 lA^JDPESl 0 9^31oTl6 2^Sl 1 3^fa 
[0056] 015 teu *HSE©B®t*JttSv>f 

7tf>7-i o o<Dmi<DXMm<Dmm&i 2 o#essr? 
1 0 7fc9ifti-r4flttE©— ^ftw-rBnj**. hi 5 

(A) tt, tft^^APESl 0 9A>^,IB1^S1 1 lCig 
*»-5*|q|KWaS-rs»&©«0^ft^l<x HI 5 (B) 
fciu 1 l*^iPESl 0 9C|rI*"5* 

isjc«as-r*»'&©«Ji5ft^-r. hi 5 (a) 

ff^tiv ES:?ST-$.?.c i©Effi*t±x S«J*M1 0 5## 
SjST*lttt5<tot:Eli?l 0 7 tEpjjp$ti§«E 
©«}KT-feS. -e©^*, c©E5£?S©*EA J ES*? 
1 0 7tW*P^nSi:, ftflstfv^DKH;, ffl 1 1 

3 o©*fSjttK«£ofc*^ iiism 

*>e>*PESl 0 9 t|fi|*>a*lRltiiKtiSCii;{c«:S. 

[0057] 015 (b) c^-rao^tts aE^tfip-r 
©fe»> iPESi o 9<D®mtim / p-?z>w3ii i mto-tz> 

«8ffl«fc»3*©VA. ^omm, *PES1 0 9©S%1#*4> 
■TSfcS©* 1«H»1 1 5©MEA s s iPESl 0 9©^ 
«*sii*p-rsi:§©l«l^SSl 1 5 ©m<fc 

*<D&m, d©^ff$©SEA s E«»?l 0 7 CEP 
jJP£ft Wv^Dtll 18 1 SfitSS 13 0 ©^IrI 
ttfc«£ofc*|qli:itt©*lql> fttt)*, MHiSSl 1 1 
*>?>.t!PESl 0 9 t!q!*>'5."S'!D!CSKti,a ' ^C&a. 
[0 0 5 8] 0 1 6 fcj\ *HaH©}K<S{c*5(t liT-f^D 

*>7ioocDii <D$am<DWM& 1 2 0 ase**^ 

1 0 7CEPip-rs«E©^©S'J©^l*^-rHt?$)S. 
016 (A) B\ M^^inESl 0 9iP?>lfil^Sl 1 
!C|«i3!>»5*lRlKMKa6-r*»^©»Je*wU HI 6 
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(b) m»*mimMi 1 i*>e>toEgi o 9 tctsi 
*5;fffac«s-r*»&©j»fcfc*-r. Hie (a) s 

&5„ *Lt, ft ItStSSI 1 5Tftt, JQE^I 0 9©§ 
*WgiD*4^k*^r4^kTm«H»l 3 0© 

Mffi©*e^ft* s i5]bt5feSo i©&«)s siwi3o 

[0 0 5 9] HI 6 (B) «WHUT, «ffiWMn-rS 10 

mint itf«EE^M^r zmmt 2 

fflnt 1 feffiHt 2fc0MEttE#Xfcls&VWHt 3 
ffiHlt 2 ,fc t) *,J6^fc«K iPJE^ 1 0 9 

sffiHt 1 jWftta-rsJUilHt 2 <kf) ^©*§ 
j& mmt iiztittzmims&oM&omMmibmmt 
2 iznvzm 1 ssg 1 3 ocoms-comnm «t 5 < 

£©fc». v*m?B\ 1 «E» 1 3 0 © 

#fttttt£ofc#ftki£©;6fts -ffcfrtK iaffi^i 0 
9*>£>ft2M^l 1 3Kra*-5*|?!K«jS$n* 20 
[v^P#>y©ft2©^0!|] H17tt, #SlJ£© 
ff$^t*Sit5vi'^D^>7 , l 0 0©f2ffl»«Of 
liffeS. ftl^kft2^k£Jg#l$£Jtiib 

ft l^£;!JD;lTft2^fc&#p5t££&fci^- 
T^>P t 3M&^^= fc*U SBlSH»©ISffifc»-r4i(EIStt 

2 «B»oiaE6:jtr ««gisa)tose<b* 

1 0 7fciES«*Blil0U-CK»Ufe»^fc**&* 30 

si -r s & c at # £ * -s o 

[0 0 6 0] HI 7^#ILt> ft2«fcg&l 3 111 < 
OjBtttt, 1 3*6iDffSl 0 9{CffiI^c.T 

&£>^ttk£oT^2>o «tffcM&2 
ttftl 1 3*e»iD£E^l 0 9fcifcftSkS©SttWSjft 
^ iOEESl 0 9*?»i2til 1 3CSHxSi:S©SK 
Btt£ftJ:&6/h3^. ZCDfztt), AHEESl 0 9©&H& 

Yttttflc^e i flgss 1 3 o tm 2 mm 1 3 1 ©jsriaec 

«£o&2f|qU -Tftto-fe, ft2«^l 1 3*»6Jlffi*l 0 40 
9 K ft A> o 15 IrF £ ftEft 2> . 

[0061] ioffisfei 0 9©§iwj>tsra 
&JtJn-rsWWJ:»3*)«<Tft^ 7*Bftti*tf, 

3 0kft2«g§l 3 l©#fSH£{3^ fecial 
kj£©;j|RK T«fc»*)s ft! rale 1 1 l^oanESl 0 

9{c(Si*a^iRit^n?.o 

[0 0 6 2] 01 8tt, *SaBOD^«K*lt*v-Y^D 
^>7*1 0 0©i2©fr^fflil«Kl 3 O^it^ft 
2SK13 l*ft*ft©Mmk«B«Stk©n«fcjjs-r 
H-CfcS. HI 8 (A) tt*l*Bl 3 0©«^Sjj* 50 
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U HI 8 (B) ttft2%Bl 3 l©»^ftjjVr. HI 
8£#^bT, m»a»*.fctrt8 2*rafcfcCI£EE*«IE 
©*&©«E8ttift*** fgffi#H©»£©»E»iSift J: 5 * 
/h3<fcoT^4. Ifctfot, ft lsSB&43.tO t ft2«St 

BOl^©*ftC»1-*«EIMJaft©*ft©|iJ^ ft 2 
S5B&©Mff©^bC^-r-53SK»!n;©^b©fiJ-&«t 5 * 

4«aiHI*JiJras-e-*«8lH«t*)t«<-r*c:i:KJ:»), ti 

[0 0 6 3] JW±KH bfc «t 5 t**W©JB»K*B- 5 
v-f{rn#>^tt % »fr©8Sft3b»A*k«:Si:SS:SBl 
SB115, 1 3 0©*t:SL«t*^*-&5<tat:u 
fc. z<Dtz&, 2o©«afc©*ffi&1Bft*.Tffi«*?l 

0 7*e«rr.SCi:fc<fc»K Dlft:&Mte©ifrtft©:£ 

[0 0 6 4] «*®J:'5t3»il:#*Hias**» 

6C, ^*Dtf>7©«j$£fg#iC-r.5;rk#T-£, 

[0 0 6 5] EE**?1 0 7*e»*-5WE© 

1 /Vl^i^ & ©tti£ 5 *ft«/hCf 4 - k#T- * « 
©T% *V^»flETf«»<DftV^«a5t1-4Ci:#"eS 

So 

[0 0 6 6] &:fc\ **St©^«C*Jt-5V-f ^D#> 
7* 1 0 0 tt, T^fai-^ k bTEtl? 1 0 7 kffi 

^ iam^i o 9©^tt©tiin*fe{i»>^)^Mbff^ 
ocktf^StJiK, j.=^;i/7lsttfciB^*ft4t>©-c 

7 r &g^l^0'v*i'J^^■a•4ff^© i fe>©$:fflV^T*)<tV^„ * 

*, EtBfrpcD-r&aB&ktt, '>x7€-h-i:wan 

*«^T?, JES*?©^1l*[pIkm^©^(pIkA s fiS1- 

5k&tc3R?^»{c-rfts^*^a. S6c» Ea 

^SS;^, «tt?©-gi5tff^K1t^S:fflV^^©t) 
©£fflV>Tfc.fcV^ 

[0 0 6 7] ^-iigii^$ftfc*JE©^fli(ii-^-c©^-e 
Ww-efe^riBKRW&ttOTtt'&^k^itfeft*'**-? 

^>-5o *^Bn©«af+±sabfe!»Ba-r-t±5fe < T«#fF»5R 
«t ^I5H r- ©f ©^S ft 4 c k ^ItH $ ft 

4, 

[H i ] *mm<nmM<DWtm<D 1 -5 v-r ^ d 
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[0 2] &3&W<D'£M<DBm<D loCfcttS^'f ^P 
# > 7"©gB#l$&¥B0T- 3 o 

[03] *HSECD^C*5ttSV-r^D^>7"CD^l 
jffl»43 .fctfSS 2|B&*ft*;K©2SEEi:»EISffiln;i:©W« 

[0 4] ffi«*^CWin-rsJBlcD«£E«0&J:jPE#O 

[06] *HJE©fl$«(Ci5{t2)V^ ^PtfVTVDffiid 
351 2 OA s H«^ : ?tEpADt--g.*ffcD^©^^J^^ 

■r0T-$.a<. 

[0 7] *^JHOJK«t:*J»4v>f ^D4«>7'OSBl 
^SS©^tt©^ 1 ©JWWSfcjjVrBTC**. 

[08] #HM©jij»fc:mtav'f *D*>r©»i 

[0 9] *5IS£ffl^t*Stt5v-Y^n^>7 , ©^l 
[010] *^©Jg»fc*3t*4v>f ^ptKVT'©* 

i iB»©®tt©»4©*#«ft-^-riaTfft*. 

[011] *HSE©JI$J&fc: 430-5^ ^d^>7"©» 
1 afcS&©JfJtt©3§ 5 ©HW?0 & ^ t-0T- 3 o 
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[012] *|OK©je»K43ft4v-f *P#>:T©?g 
1 SiiS&©ff£tt©tS 6 ffilWJ § SOT 0T- £ . 
[013] #SOS©jl!j»fci3ttSv-f *pt!«>:7©* 
1 «EBS©JBtt©« 7 ©JlfrWft^-rBlTf » *. 

[014] *ms©?&<Bc43H-*V'f ^n#>r©se 

[015] *mm<DMMlci5tt?>-?'( i?u-tf>zr<Dm 

i ©*^j©e»»#E**? cwiD*s«E©— 

10 [016] *SUS©J&«fc43tt*v>f ^DsKvr©* 

1 ©SB^jffliBij^A^s*^ in-rs«BE©aoe© 
[017] *mm<Dj&n£.tsvi^>(i/v#>7<Dm 

2 ©^B#I©¥B0T*&3. 

[018] *HJK©^JBC43tJ-4v>f ^o^vr©* 

2 ©aaetw©* i «a»*«t w» 2 ME&*ft^ft©MEE£: 

»EB&JSKi:©H«*5*-fia-CfcS. 

100 v-f*UJtf>:7, 101 ttfe 103 ±fflfl 
20 Jfr& 1 0 5 ffilSfe 1 0 7 £E«*^ 10 9 An 
EES, 111 113 |2ii, 115 

1 Wi$&s 117 fg 2 8itSS> 1 2 0 fgifrgB, 1 3 1 
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